INTRODUCTION

UVOD
Nano particle fi lled composites, a class of nanostructured materials composed of various polymers and fi llers, have superior physical, mechanical and other properties when compared with neat polymers (Rhim and Ng, 2007; Zhao et al., 2008; Shchipunov, 2012) . Various polymer matrixes are generally used in the production of polymer with nano fi llers. Therefore, to obtain more environmentally friendly materials that decrease dependence on fossil-based resources, in recent years, different biodegradable polymers such as PVA have been developed. As the properties of such polymers are sometimes inferior to those of commercial non-biodegradable polymers, the composites fi lled with different fi llers of such biodegradable polymers have been developed to obtain high performance in application area. For example the use of the composites for packaging and other applications has been strongly limited because of the poor barrier properties and weak mechanical properties. For this reason, biodegradable polymers have frequently been blended with other synthetic polymers and various fi llers, or less frequently, chemically modified with the aim of extending their application (Guilbert et al., 1997; Petersen et al., 1999) .
Polymers that are increasingly used in composite manufacturing to replace non-biodegradable polymers include starch, cellulose, polylactic acid, polyhydroxy alkanoates, pectin, chitosan, collagen among others (Mittal, 2011) . To prepare biodegradable composites, many nano fi llers, such as nanoclay, starch, cellulose, and carbon nanotubes, have been used. The composites have been prepared via several methods, such as in situ polymerization, solution exfoliation, and melt intercalation (Dennis et al., 2001; Zeng et al., 2005) .
NC and CNFs are bio-fi llers commonly used to produce biodegradable composites. NC has a unique structure and properties and a very high elastic modulus as compared to many biodegradable fi llers. The higher elastic modulus enables NC to improve mechanical properties of polymers by carrying a signifi cant portion of the applied stress (Zeng et al., 2005; Fornes and Paul, 2003) . CNFs, which was obtained from cellulose fi bers, is a natural polymer with the chemical formula (C 6 H 10 O 5 )n. It is a polysaccharide consisting of a linear chain of several hundred to more than 10,000 β (1→4) linked D-glucose units (Klemm et al., 2005; Nishiyama, 2002) . CNFs have a higher modulus and strength because of microfi brillar spiral angle (Ichhaporia, 2008). The linear chains have alcoholic hydroxyl groups. The hydroxyl groups form inter-molecular and intra-molecular hydrogen bonds with the macrostructure of cellulose. CNFs are used as a reinforcing agent in polymer composites because they offer many PVA is a widely used, cheap, biodegradable adhesive, but it has low adhesion strength (Kaboorani and Riedl, 2011) . The aim of this study was to improve the adhesion properties of PVA with NFCs and NC. CNFs, with sustainability, industrial ecology, and green chemistry, and NC, with its unique structure and properties and very high elastic modulus, were selected to prepare the biodegradable composites in this study. PVA was used to prepare the biodegradable composites. The properties of the composites prepared with PVA and nano fi llers at different loading rates (1 %, 2 %, and 4 %) were investigated by using thermogravimetric analysis (TGA/DTG), morphological characterization with scanning electron microscopy (SEM), and lap joint shear strength (LJSS).
MATERIALS AND METHODS
MATERIJAL I METODE
Materials
Materijali
Cellulose nanofi brils (CNFs) were supplied by J. Rettenmaier & Sohne (JRS). NC was purchased from Nanocor, Canada. The NC, which was supplied as micro fi ne powders under the "I" series designation, was ready for use directly into the resin system. PVA, having a 1200 polymerization degree and a 90 % hydrolysis level, was purchased from Chemical Enterprise Caparol and used to prepare the composites. Poplar and Scots pine wood were used to determine the lap joint shear strength. They were cut to 20 x 150 x 5 mm according to BS EN 205 and, before bonding, the samples were put into the condition chamber at 20 ºC with relative humidity of 60 % for a week.
Method 2.2. Metode
CNFs and NC fi lled PVA composites were prepared with the solution method using various loading rates of nano particles as show in Table 1 .
Particles were fi rst dispersed in distilled water (1, 2, 4 g fi ller/10 ml DI) by mechanical stirring at 2000 rpm for 5 min. The suspensions obtained were mixed with PVA. The stirring was started with 1000 rpm for 1 min and was increased up to 2000 rpm and was continued for 20 min to achieve a viscous solution. The mixture was degassed for approximately 30 minutes in an oven without vacuum at 40 °C. It was cast on an aluminum plate and kept for one week until it was completely dried. All formulations were prepared with the same process.
The morphology of the surfaces of the composite fi lms was observed with an environmental scanning electron microscopy (ESEM), the Phillips Electroscan strength, deformation and F max . All data was automatically obtained with the utest machine software.
RESULTS AND DISCUSSION
REZULTATI I RASPRAVA
The composites prepared with CNFs and NC was found to be having different effects on morphological, mechanical and thermal properties. The SEM micrographs of composite surfaces with different loadings (1 %, 2 % and 4 % wt) of CNFs and NC are shown in Fig. 1 and Fig. 2 . The images of composites show dispersed particle orientation morphology and the wave sheets appear to be uniformly distributed on the surface of composites. When the loading rates were increased from 1 % to 4 % for CNFs in Fig. 1 , clumping for 1 %, 2 %, and 4 % wt loadings due to the strong hydrogen bonding affi nity was observed. After increasing the loading rate of 4 % wt, the dispersion of CNFs deteriorated. For NC, partially agglomerated clay particles were also observed in the polymer matrix, as seen in Fig. 2 .
As seen in Fig. 1 , the aggregated nanofi brils appear as white dots in different parts of the composites. In Fig. 1 , 2 % CNFs was homogenously dispersed in the PVA; nevertheless, a few aggregated fi brils were observed in the SEM picture. Clumping and aggregated parts in the 4 % CNFs were higher than composites with 1 % and 2 % CNFs. This status can be said to arise due to the hydrogen bonding among the cellulose nanofi brils and/or inadequate mixing or increasing of viscosity in the preparation of composites. As a result, 2020, with an accelerating voltage of 5 kV. The surface of all samples was sputter-coated with gold using a Denton sputter coater for enhanced conductivity. The thermal stability of the composites was investigated using a thermogravimetric/differential thermal analysis (TGA/DTG) (Perkin Elmer, TA Instruments, USA). The samples were heated from 25 ºC to 600 ºC with a heating rate of 10 ºC/min and a nitrogen fl ow of 100 mL/min. The shear tests were performed using a testing machine with load cell 1 of kN (Utest Inc., Turkey). The cross head speed was 5 mm/min. The dimension of wood samples was 10 mm in width and 150 mm in length. The bonding area of the samples was calculated before the test (220 g adhesive was used for 1 m 2 surface area) and the application was made by using a brush. Samples for tensile testing were prepared and tested according to TS EN 392:1999 and ISO 12579:2007. Utest machine was used to determine the lap shear clumping was observed in all the composites with CNFs. According to Fig. 2 , the dispersion to all loading rates of NC in the composites was more homogenous than those of composites with CNFs. In SEM images, the clumping for 1 %, 2 %, and 4 % wt CNFs loadings was observed due to the strong hydrogen bonding affinity. For NC, partially agglomerated clay particles were also observed in the polymer matrix. Mallakpour and Dinari (2013) worked on synthesis and properties of biodegradable poly (vinyl alcohol) / organo-NC bionanocomposites (BNCs). The SEM images of PVA/organo-clays BNCs show a flake-like structure and smooth morphology. The matrix is fi lamentous with interconnecting pores. However, increasing the NC content leads to a decrease in the number and size of the pores. This morphological change can be attributed to the re-ordered crystalline phase of the PVA matrix, causing a packed network. The thermal stability of composites was investigated using TGA/DTG separately under nitrogen. The data obtained are shown in Fig. 3 and Table 2 . As seen in Fig. 3 , there are three steps of thermal degradation of the composites in the temperature range of 100 ºC -600 ºC. The temperature range for the fi rst step of thermal degradation (T d ) is 100 ºC -200 °C. This corresponds to the loss of water from the composites. The temperature range for the second step of T d is 250 ºC -400 ºC. This corresponds to the decomposition of fi llers (NC and CNFs) and weight loss of PVA from the composites. There is an additional third step of T d in the temperature range of 400 ºC -600 °C under nitrogen. This might be due to oxidation of partially decomposed fi llers under nitrogen. According to the TGA analysis, adding of fi llers improved the thermal stability and thermal stability of PVA matrix was found to increase with fi ller reinforcement. Similar results for different types of composite fi lms have been reported (Wang et al., 2006; Tunc et al., 2007; Kumar et al., 2010) . The lap joint shear strength was used to evaluate the bonding properties of PVA composites. The test was conducted on both poplar and pine woods. The lap shear joint strength of the composite woods is shown in Fig. 4 . A common and useful style of bonding testing is the lap shear joint strength test. This test is both simple and economical in application. The test is important because of the conditions to which structural adhesives are often subjected in service. Adding NC to the polymer matrix had a higher improving effect on lap shear strength than adding CNFs. While the effect of CNFs was lower than NC on poplar and Scots pine wood.
Lap shear joint strength increased with adding 2 % CNFs on both woods, 1 % CNFs increased only with Scotch pine wood. However, 4 % loading rates of CNFs decreased the lap shear strength of both woods. The maximum increase of CNFs was 1.5% for poplar wood and 16.7 % for pine wood. Lap shear strength decreased at a different ratio for the 1 % and 4 % CNFs loadings. Adding of CNFs to the PVA matrix has a similar effect on both poplar wood and Scots pine wood. Seen as the reinforcing effect of NC, lap shear strength of both woods increased as loading rates rose from 1 % to 4 %. The maximum increase was 52.4 % in the 4 % for poplar wood and 140 % in the 4 % for Scots pine wood. The signifi cant improvement in lap shear strength was achieved with adding of NC to both wood types. The different trends between woods can be attributed to anatomical structure. The signifi cant improvement in the lap shear strength provided with NC is due to enlargement of the interaction area or enhanced adhesion strength per interaction area.
With an increase of CNFs and NC loadings added to PVA from 1 % to 4 %, F max and deformation of both woods fi rst increased and then decreased. Lap shear strength increased for the 1 % and 2 % CNFs loadings and decreased for 4 % loading. Seen as the reinforcing effect of NC, lap shear strength of both woods increased as loading rates rose from 1 % to 4 %. Adding NC to the polymer matrix had a higher effect than adding CNFs. This study demonstrated that adding of the NC to PVA matrix improved the adhesion performance. The improving effect of CNFs was less than NC. Kaboorani and Riedl (2011) researched the effects of adding NC on the performance of PVA in the dry and wet state. The results showed that in the dry state, shear strength signifi cantly improved and improvement rates rose from 7 % to 20 %. In the wet state, as loading NC was increased, marked improvements in shear strength were achieved, as high as 53 %. The F max and deformation value are given for both wood types in Fig. 5 . The fracture surfaces of the samples are shown in Fig. 6 .
After inspecting the fracture surface of the lap shear samples, all the samples had ruptures in the wood.
CONCLUSION 4. ZAKLJUČAK
The PVA composites were successfully prepared with suspensions of CNF and NC by using the solution method. According to the results, adding of NC and CNFs to PVA affected all of the properties of polymer matrix. The effect of NC on the PVA composites was found to be higher than the effect of CNFs. Thermal stability of composites improved by adding of NC and CNFs and DTG max increased depending on fi ller type. Morphological evaluations by SEM showed that the particle dispersion is a function of fi llers and loading levels, and that there is a direct link between the quality of dispersion and the properties of composites. As a result, the PVA composites can be said to have higher performance than pure PVA polymer. Thus, high durable joints can be obtained in the application areas.
